We present the second in a series of results in which we have searched for undiscovered neutron stars in supernova remnants (SNRs). This paper deals with the largest six SNRs in our sample, too large for Chandra or XMM-Newton to cover in a single pointing. These SNRs are nearby, with typical distances of < 1 kpc. We therefore used the ROSAT Bright Source Catalog and past observations in the literature to identify X-ray point sources in and near the SNRs. Out of 54 sources, we were immediately able to identify optical/IR counterparts to 41 from existing data. We obtained Chandra snap-shot images of the remaining 13 sources. Of these, 10 were point sources with readily identified counterparts, two were extended, and one was not detected in the Chandra observation but is likely a flare star. One of the extended sources may be a pulsar wind nebula, but if so it is probably not associated with the nearby SNR. We are then left with no identified neutron stars in these six SNRs down to luminosity limits of ∼ 10 32 ergs s −1 . These limits are generally less than the luminosities of typical neutron stars of the same ages, but are compatible with some lower-luminosity sources such as the neutron stars in the SNRs CTA 1 and IC 443.
INTRODUCTION
The connection between core collapse supernovae and neutron stars (Baade & Zwicky 1934) has had a solid observational footing for almost forty years, due largely to the discovery of young radio pulsars in supernova remnants (SNRs) like Vela (Large, Vaughan, & Mills 1968) and in the Crab Nebula (Staelin & Reifenstein 1968) . Energetic young pulsars like these are strong radio and Xray sources, and often power synchrotron nebulae called pulsar wind nebulae or PWNe (Gaensler & Slane 2006) that are indirect markers of pulsars (e.g., Camilo 2003) .
The idea that young neutron stars resemble the Crab pulsar came to dominate the search for the products of supernovae (e.g., Kaspi et al. 1996) . Recently, though, young neutron stars have been revealed in a wide variety of manifestations, from Anomalous X-ray pulsars (AXPs) and soft γ-ray repeaters (SGRs), to nearby thermal and radio quiet neutron stars, to long period radio pulsars with high inferred magnetic fields. As exemplified by the identification of the central compact object (CCO) in the Cas A SNR (Tananbaum 1999) , much of this diversity has come from X-ray observations.
While this diversity is clearly demonstrated observationally, theory and simulation cannot yet constrain the fundamental birth properties of neutron stars (e.g., Burrows et al. 2004; Chevalier 2005 activity in the post-collapse object in any detail. Kaplan et al. (2004, hereafter Paper I) have attempted to address our lack of understanding of stellar death and neutron star cooling by defining a volume-limited (d < 5 kpc) sample of supernova remnants (SNRs), examining the neutron stars that they contain, and outlining a survey designed to detect or significantly constrain neutron stars in the remaining remnants. The primary subsample discussed in Paper I is one where the SNR diameter is < 45 ′ , so that the Chandra X-ray Observatory can observe a significant fraction of the SNR interior with its ACIS-I detector and hence cover the area where neutron stars would be with a reasonable range of velocities (v ⊥ < 700 km s −1 , where v ⊥ is the velocity perpendicular to the line of sight). Paper I also discuss two other subsamples of SNRs: one with diameters 45 ′ < θ < 90 ′ for which XMM-Newton is suitable (and which we will present in a forthcoming paper), and one with θ > 90 ′ . It is this subsample of the six largest SNRs from Paper I that we consider here.
The organization of the paper is as follows. In § 2 we give brief summaries of the six SNRs discussed here. In § 3 we describe our identification of candidate X-ray sources in and around the SNRs. In § 4 we detail the initial identification of optical/IR counterparts to the Xray sources using available sky surveys: as discussed in Paper I, optical/IR observations are a powerful way to reject X-ray sources that are not neutron stars (see also e.g., Rutledge et al. 2003) . With the sky surveys we were able to identify most of the X-ray sources with high confidence: those for which we were not certain were selected for additional Chandra observations and optical/IR observations ( § 5). Finally, we give our discussion and conclusions in § 6. All coordinates are J2000.0. Note. -See § 2 for a general discussion about the quality of the remnant distances and for detailed discussions about each remnant.
a Hydrogen column density to SNR. Derived from previous observations (if available), otherwise determined from measured H i absorption or using COLDEN integrated over velocity range appropriate for the SNR distance. b Unabsorbed X-ray luminosity (0.3-8.0 keV) of a nominal 0.05 s −1 ROSAT PSPC source at the distance and absorption of the SNR, assuming a blackbody spectrum with kT = 0.25 keV (this allows for easy conversion of count-rates to luminosities, assuming that the sources are associated with the SNRs.
2. SUPERNOVA REMNANTS We list the SNRs for this paper, along with relevant parameters, in Table 1 . Each SNR has a distance determined from a more reliable method than the Σ-D method (e.g., Huang & Thaddeus 1985; Case & Bhattacharya 1998 ), but they are not all of the same quality. In the best cases, the distances are from kinematic observations of optical or radio lines. In the worst cases, the distances are from fitting shock models to the X-ray data (e.g., Kassim et al. 1994 ). These distances involve many uncertainties beyond the kinematic distances, including the assumption of a Sedov-phase remnant, the state of equilibration in the system, the non-sphericity of the explosion, and the unknown total explosion energy. For kinematic distances, the uncertainties are probably 30%, but for distances from X-ray fitting they could exceed 50% (Kassim et al. 1994) . The ages tend to be derived from X-ray fits for all sources, although having an independently determined distance for some sources makes for better constraints. Below we discuss each SNR in more detail.
2.1. SNR G65.3+5.7 SNR G65.3+5.7 (also known as G65.2+5.7) was identified as a SNR by Gull, Kirshner, & Parker (1977) by its filamentary line emission. It has major axes of 310 ′ ×240 ′ . According to Mavromatakis et al. (2002) , the age is 20-25 kyr, and the distance is ≈ 0.8-1.0 kpc (a kinematic distance derived from the velocity of optical emission lines; also see Lozinskaya 1981) . Mavromatakis et al. (2002) show data from pointed ROSAT observations (Schaudel et al. 2002) but do not discuss point sources; the ROSAT data detect emission from much of the interior at > 2.5 × 10 −4 cts s −1 pixel −1 , with 45 ′′ pixels. Shelton, Kuntz, & Petre (2004) 
07
′′ but come to no conclusion as to its identity. The inner 3 ′ were searched for radio pulsars by Gorham et al. (1996) at 1410 MHz down to a limit of 0.1 mJy, but given the size of SNR G65.3+5.7 a transverse velocity of only v ⊥ = 20 km s −1 would have moved a neutron star outside the search region so the lack of detection was not Table 2 . HR1 is the solid line, while HR2 is the dashed line. HR1 ≡ (B − A)/(B + A) and HR2 ≡ (D − C)/(D + C), where A, B, C, and D are the count-rates in the PHA ranges 11-41, 52-201, 52-90, and 90-201 respectively, and the PHA values correspond roughly to the energies in eV (Voges et al. 1999) . As discussed in Voges et al. (1999) , we note that HR2 is constructed only from counts in the B range, so it is not a contradiction to have (for example) HR1 = −1 and HR2 = 1.
very constraining,
The 0.58-s radio pulsar PSR J1931+30 lies 45 ′ from the center of the remnant. However, with no estimate of the spin-down rate (and hence no spin-down age), the period seems rather large to be associated with an SNR (it would require an unusual but not unheard of magnetic field of ∼ 10 13 G), and no definite claim of an association can be made (Schaudel et al. 2002) .
2.2. SNR G74.0−8.5 SNR G74.0−8.5, also known as the Cygnus Loop, is a 230 ′ × 160 ′ radio and X-ray shell. The distance, estimated from measurements of the shock velocity and proper motion is 0.44 kpc (Blair et al. 1999 ) and the age is 8 kyr (Levenson, Graham, & Walters 2002) . Miyata et al. (1998a) reported ≈ 8.8 count s −1 in the interior over the 22 ′ field of the SIS for their ASCA observation, and used these data to conclude that SNR G74.0−8.5 was likely the result of a Type II super- Table 1 . The number of sources per square arcminute divided by the mean density is plotted against radius (in units of the SNR radius). All sources are shown as the x's, while only the unresolved sources are shown as the circles. The means of the different source densities are shown as the dashed and dotted lines, respectively. The means of the total source densities (in units of 10 −4 arcmin −2 ) are given next to the SNR names. At the position of each bin is printed the number of sources contributing to that bin. For bins with no sources plotted, these deficits are in all cases consistent with the small number counts (i.e. we expect 1 source in each of those bins) except for the third and fourth bins of SNR G160.9+2.6, where 3.3 and 3.8 sources are expected, respectively. However, even in these bins there is no significant deficit of point sources.
nova on the basis of elemental abundances. Miyata et al. (1998b) searched SNR G74.0−8.5 for promising X-ray point sources that might be compact objects, and identified two, one of which they later concluded was an active galactic nucleus (AGN) on the basis of its long-term variability, X-ray spectrum, and radio counterpart (Miyata et al. 2001) , and the other of which they conclude may be a neutron star. The inner 10 ′ were searched for radio pulsars by Gorham et al. (1996) down to a 430 MHz flux limit of 0.3 mJy, but given the size of SNR G74.0−8.5 the lack of detection was not very constraining (v ⊥ ≤ 80 km s −1 ). The inner 30 ′ were also searched by Biggs & Lyne (1996) for pulsars down to a 400-MHz flux of 3 mJy. Assuming an average radio spectrum for radio pulsars of S ν ∝ ν −1.5 , this translates to a 1400-MHz luminosity limit of 0.01 mJy kpc 2 , which is considerably fainter than the very low luminosity PSR J0205+6449 (0.5 mJy kpc 2 ; Camilo et al. 2002) .
2.3. SNR G156.2+5.7 SNR G156.2+5.7 was discovered in the ROSAT All-Sky Survey by Pfeffermann, Aschenbach, & Predehl (1991) .
It has a faint 110 ′ shell in both X-rays and radio, and non-equilibrium fits to the X-ray data place it at a distance of ≈ 1.3 kpc with an age of 15 kyr (Yamauchi et al. 1999) . Lorimer, Lyne, & Camilo (1998) searched SNR G74.0−8.5 for radio pulsars, tiling seven pointings of the 76-m Lovell telescope at Jodrell Bank, each of which covered ≈ 0.5
• . The search did not find any pulsars, down to a flux limit of 0.7 mJy at 606 MHz, or a 1400-MHz luminosity limit of 0.3 mJy kpc 2 .
2.4. SNR G160.9+2.6 SNR G160.9+2.6, also known as HB 9, is a 140 ′ × 120 ′ radio shell with bright X-rays in the interior. Leahy & Aschenbach (1995) use X-ray fitting to estimate a distance of 1.5 kpc and an age of 8-20 kyr. This distance is consistent with the upper limit of 4 kpc derived from other measurements (Lozinskaya 1981; Leahy & Roger 1991) .
The inner 30 ′ were also searched by Biggs & Lyne (1996) for pulsars down to a 610-MHz flux of 15 mJy. Damashek, Taylor, & Hulse (1978) discovered an old radio pulsar (PSR B0458+46) in the interior of the SNR, although the association between the pulsar and the SNR is generally considered to be false (e.g., Kaspi & Helfand 2002) based on the large spin-down age and low spindown energy loss rate for the pulsar (10 6 yr and 10 33 ergs s −1 , respectively).
2.5. SNR G205.5+0.5 SNR G205.5+0.5, also known as the Monoceros nebula, is a 220 ′ radio shell. The systemic velocity of optical line emission puts the SNR at a distance of 0.8 kpc (Lozinskaya 1981) , although distances up to 1.6 kpc are preferred by low-frequency radio data that show the SNR within the Mon OB2 association (Odegard 1986 ). The age is likely ∼ 30 kyr, as inferred from fits to X-ray data (Leahy, Naranan, & Singh 1986 ).
2.6. SNR G330.0+15.0 SNR G330.0+15.0, the Lupus Loop, is a low surface brightness radio shell approximately 180 ′ in diameter. Non-equilibrium fits to the X-ray data and comparison with the column density of the nearby remnant of SN 1006 suggest a distance of 1.0-1.2 kpc and an age of 50 kyr (Leahy, Nousek, & Hamilton 1991) .
3. SOURCE SELECTION Chandra or XMM-Newton imaging of the entire fields of the large-diameter SNRs listed in Table 1 is impractical because of their sizes. Their proximities (d 1 kpc), though, means that we do not need the high sensitivities of Chandra or XMM-Newton to achieve the same luminosity limit as in Paper I. We therefore used the ROSAT All-Sky Survey Bright Source Catalog (hereafter BSC; Voges et al. 1999 ) for our source selection. This was a survey of the entire sky with the Position-Sensitive Proportional Counter (PSPC) aboard ROSAT.
The positional accuracy of the PSPC does not approach that of Chandra or even XMM-Newton (typical uncertainties are 10 ′′ ), and the observations are not as deep as the pointed Chandra and XMM-Newton observations used for the other SNRs. Nonetheless, the BSC is useful. As seen in Table 1 , its limit of 0.05 count s −1 in the PSPC is actually of roughly comparable depth to our Chandra observations in Paper I -(1−10)×10 31 ergs s −1 -when the smaller distances and column densities of the SNRs in this paper are taken into account. While the X-ray positions do not in all cases allow unambiguous optical identifications, the relative brightness and softness of the X-ray sources compared to those in Paper I means that very often stars from the Digitized Sky Survey (DSS) or 2MASS (Skrutskie et al. 1997) can be identified as counterparts.
We selected the BSC sources within twice the nominal radii (for elliptical sources, we took the semi-major axes) of the SNRs in and were listed as unextended (a value of 0 in the ext column of the BSC catalog). Searching outside the remnants allowed us to find neutron stars that have overtaken the SNR shocks -not an uncommon occurrence (van der Swaluw, Downes, & Keegan 2004) in SNRs of the ages considered here (10-30 kyr). This gave us all of the X-ray sources listed in Table 2 . For the sake of comparison between sources, we plot the distribution of hardness ratios in Figure 1. 
Extended Sources
In our analysis, we rejected those BSC sources that were identified as extended. This was for several reasons: we eliminated peaks in diffuse background emission that may have been identified as discrete sources, and we eliminated large extended objects such as galaxy clusters. Practically, point sources offer much better astrometry and are better suited to counterpart identification.
However, in some sense our selection was less than ideal. We would have eliminated any bright PWNe, although these might have been identified by previous searches. Also, source confusion makes our resulting luminosity limits less constraining than they might otherwise be, as two nearby point-sources could have been identified as a single extended source and hence been rejected. Given the relatively low space density of BSC sources (Fig. 2) this should not be a major effect, but it should still be noted. In contrast, our Chandra observations do not suffer from any confusion limitations.
One might ask if the diffuse emission from the SNRs themselves will limit the depth of the BSC in the SNR interiors. We have found in general that this is not the case. Figure 2 shows the density of BSC sources (both point-like and of all sizes) within different radii from the SNR centers. While the inner reaches of the SNRs have few sources and therefore poor statistics, in no case is there a statistically significant deficit of point sources inside the SNR. There might be a slight deficit inside SNR G156.2+5.7 or SNR G160.9+2.6, but these are also the smallest of the SNRs and therefore have the fewest total sources. Similarly, in Figure 3 we show the average background count-rates determined when extracting the sources plotted in Figure 2 , with the same binning. Two of the SNRs (G65.3+5.7 and G74.0−8.5) do show background increases in the interiors, two do not (G205.5+0.5 and G330.0+15.0), and two are uncertain due to few counts (G156.2+5.7 and G160.9+2.6), but even an increase of a factor of three above the mean background rate (≈ 10 −3 counts s −1 arcmin −2 ) would give only ≈ 0.005 counts s −1 within the 90% confidence radius of a PSPC source (for 0.3 keV 5 ) which is a factor of 10 less than the minimum source count-rate for the BSC. Therefore the diffuse SNR emission should not have significantly affected the BSC source detection, and it is unlikely that there were any point sources that were Table 1 . The average background count-rate (10 −3 counts s −1 arcmin −2 ) in each of 10 radial bins between 0 and 4 times the SNR radius is shown, along with uncertainties showing the standard deviation in each bin. SNRs G65.3+5.7 and G74.0−8.5 do show a factor of 2-3 increase in background rate inside the SNRs. For SNRs G156.2+5.7 and G160.9+2.6, the situation is not as clear because there are very few sources inside (see Fig. 2 ). For SNRs G205.5+0.5 and G330.0+15.0, there do not appear to be a significant rises toward the interiors. missed.
Additional Sources
Besides the BSC, we took advantage of X-ray observations in the literature to identify additional sources for Chandra followup. These were: for SNR G74.0−8.5, AX J2049.6+2939 (from ASCA; Miyata et al. 1998b Miyata et al. , 2001 ; and for SNR G205.5+0.5: Einstein sources 1, 3, and 6 from Leahy et al. (1986) , known as 1E 0627.4+0537, 1E 0630.9+0611, and 1E 0636.8+0517, respectively.
4. COUNTERPART IDENTIFICATION Once we had assembled the list of X-ray sources, we then examined the publicly available surveys (DSS, 2MASS
6 , and NRAO VLA Sky Survey 7 [NVSS; ]), as well as examination of SIMBAD and the relevant literature. With these sources of information, we were able to identify likely counterparts to 41 of the 50 sources in Table 2 . We list the relevant data (X-ray and optical) of the identifications in Table 2 , with a summary of all identifications and additional notes in Table 3 . The separations between the nominal X-ray and optical positions were consistent with the predicted X-ray position uncertainties (Fig. 4) .
There are a number of cases where there were multiple stars within the X-ray error circles, some of which were known to be physically associated with each other (as noted in SIMBAD). In these cases we list multiple possible counterparts in Table 2 . The true source of the X-ray emission may be any one of the stars, or may in fact come from the interactions between them.
While the identifications were made only on the basis of positional coincidence with bright stars, in many cases we can be additionally confident. This is because the stars are so bright (V < 5 mag) that the chances of a false association are negligible or the stars are of types known to have X-ray emission (e.g., T Tauri stars). To aid in the evaluation of our identifications, we plot the cumulative number density of 2MASS sources for each SNR in Figure 5 . For a typical position uncertainty of 10 ′′ , we expect that all identifications with 2MASS sources brighter than K s ≈ 11 mag will be real (chance probability < 1%), and even for sources brighter than K s ≈ 13 mag the identifications will be probable (chance rates < 10%). We note, though, that while 1RXS J205812.8+292037 is consistent with having an association with one of the identified 2MASS sources, the association is not secure. A Chandra followup observation likely would have been definitive as it was for the majority of the ambiguous sources discussed in Section 5, but due to an oversight on our part this source was not selected for followup Chandra observations. We therefore discuss 1RXS J205812.8+292037 in extra detail in Section 5.3.3.
Given the uncertainties in spectrum and foreground column density, virtually all of the X-ray sources are consistent with being stars (as opposed to active galaxies; Fig. 6 ). We show 2MASS images of the X-ray sources with optical counterparts indicated in Figures 7-18.
5. Chandra OBSERVATIONS The nine BSC sources that had no obvious optical counterparts (excluding 1RXS J205812.8+292037, as mentioned above), plus the four sources from § 3.2, were selected for Chandra followup observations. Here, as in Paper I, we selected the exposure times (3-6 ksec) based on the known column densities to the SNRs (Tab. 1) and a blackbody spectrum with kT = 0.25 keV. The positions are known to sufficient accuracy to allow use of the ACIS-S3 CCD (Garmire et al. 2003) . Depending on the source brightnesses, however, we were concerned about photon pileup for some of the sources, so we used the 1/2-or 1/4-subarray modes (which also provides improved timing information), depending on the positional uncertainties. A log of the observations is in Table 4 .
In most of the cases, the Chandra observations revealed nothing extraordinary. In the case of the BSC sources, the Chandra data typically showed that the BSC position was significantly off and/or the counterpart was faint (Figs. 19 and 20) . The additional four sources from the literature were all coincident with stellar sources, once we had Chandra positions. Of the 13 sources with Chandra followup, nine had point-like Chandra sources with obvious IR counterparts ( § 5.1). Of the other four sources: two show extended X-ray emission with Chandra, one has no obvious 2MASS counterpart, and one source was not detected in the Chandra observation. We discuss these sources in more detail in Section 5.3.
Notes on Chandra Sources
In the cases where Chandra point-sources were detected, the counterpart identifications are essentially secure. This is due to the very small positional uncertainty of the Chandra positions (< 1 ′′ ) coupled with the brightnesses of the counterparts (see Fig. 5 and Paper I).
Figures 19 and 20 contain images of those sources with counterpart identifications. With these identifications we can eliminate these sources as candidate compact objects using the X-ray-to-optical flux ratio (see Fig. 6 and Paper I). Here we comment on all of the sources observed with Chandra. AX J2049.6+2939 This ASCA source was identified as a possible neutron star by Miyata et al. (1998b Miyata et al. ( , 2001 . The Chandra source is pointlike, and is at 20 h 49 m 35. s 41, +29
• 38 ′ 50. ′′ 9. It is coincident with the K s = 10.0 mag source 2MASS J20493540+2938509 (also USNO 1196−0518650), which is presumably the V = 12.6 mag G star discussed by Miyata et al. (1998b) . Our observed count-rate for this source (≈ 0.03 s −1 in the 0.3-2.0 keV band) is roughly comparable with that predicted from the latest ASCA spectroscopy, although as noted in Miyata et al. (2001) the source appears to be variable. Given the variability of this source and the extremely tight coincidence with a G star (in this region, there are (1.97 ± 0.07) × 10
stars with K ≤ 10.0 mag in 2MASS, and to find one < 0. ′′ 2 away from the X-ray source has a chance rate of ≈ 2 × 10 −6 ; see Fig. 5 ), the X-ray emission is very likely from an active star. Miyata et al. (1998b) had dismissed this possibility because of the high X-ray intensity, but it is in fact consistent with the majority of the stars that we detect here ( Fig. 6 ; the X-ray flux is ∼ 10 −13 ergs s −1 cm −2 ).
1RXS J045707.4+452751
The Chandra source is point-like, and is at 04 h 57 m 08. s 31, +45
• 27 ′ 49. ′′ 8 (10 ′′ away from the BSC position). It is coincident with the K s = 14.5 mag source 2MASS J04570832+4527499. Left: absolute separation in arcsec; right: separation normalized to the X-ray position uncertainty, with the expected distribution for true associations (fr ∝ r exp(−r 2 ), where r is the normalized separation; dashed line) also plotted. This shows that we have largely identified the correct counterparts for the X-ray sources, and that the position uncertainties are reasonable. The number of 2MASS sources per square arcsecond brighter than a given Ks magnitude is plotted against Ks magnitude for SNRs G65.3+5.7 (black points), G74.0−8.5 (red circles), G156.2+5.7 (blue squares), G160.9+2.6 (green diamonds), G205.5+0.5 (maroon asterisks), and G330.0+15.0 (cyan stars). Typical PSPC error circles have radii of ≈ 10 ′′ (Tab. 2). Table 2 , with sources from the CDF/Orion studies and selected neutron stars. Stars from CDF/Orion are blue asterisks, galaxies are green circles. Selected neutron stars are black diamonds/limits, and are labeled. The X-ray sources from Table 2 (including detections from § 5.1) are the red squares (those with Chandra followup, plus 1RXS J205812.8+292037, have x's in their squares). The diagonal lines represent constant magnitude, and are labeled by that magnitude. For the X-ray sources from Table 2, the PSPC were converted to a flux by F 0.5−2.0 keV = PSPC×1×10 −11 ergs s −1 cm −2 , appropriate for a blackbody with kT∞ = 0.25 keV and N H = 5 × 10 20 cm −2 . The X-ray source are largely consistent with foreground stars, especially considering the possible range of temperatures and column densities, but a number may also be active galaxies such as those found by Rutledge et al. (2003 Martini et al. 2004) , also on the 6.5-m Clay (Magellan II) telescope. For 1RXS J150139.6−403815, we got a 160-s B-band exposure and a 60-s R-band exposure with MagIC. The log of the observations is given in Table 5 . Reduction and calibration followed standard procedures. The Magellan data were taken during the same observing runs as data presented in Paper I, and details can be found there.
1RXS J050339.8+451715 The
For the reduction of the remaining data, we used standard IRAF routines to subtract the bias, flat-field, and then combine separate exposures. Significant focal-plane distortion prevented simple addition of the LFC data, so we used the IRAF MSCRED package to flatten each image with custom distortion maps prior to addition. We then performed absolute astrometry, solving for platescale, rotation, and central position relative to stars the 2MASS catalog, and getting residuals in each coordinate of 0.
′′ 13 (2100 stars) and 0. ′′ 17 (4000 stars) for P60CCD and LFC, respectively.
Remaining Sources
We find that after investigating 50 BSC sources plus four sources from the literature and obtaining Chandra followup of 13 of these sources, there remain four X-ray sources that do not have very likely optical counterparts and are therefore worthy of extended discussion. As noted in § § 4 and 5.1, these sources are: 1RXS J193458.1+335301, 1RXS J205042.9+284643, 1RXS J205812.8+292037, and 1RXS J150139.6−403815. The first and fourth have extended X-ray emission, while the second has no apparent Chandra counterpart. The third has a probable but not definite association with optical/IR sources. We now discuss all of these sources in more detail.
1RXS J193458.1+335301
The BSC lists 1RXS J193458.1+335301 as having 0.051(12) count s −1 in the PSPC, with hardness ratios of HR1 = 1.00(17) and HR2 = 0.10(23) (see Voges et al. 1999 for definitions of bands and hardness ratios). The corresponding Chandra source is clearly extended, as shown in Figure 22 . There are no other X-ray sources nearby, indicating that the Chandra source is very likely 1RXS J193458.1+335301 despite the ≈ 32 ′′ distance between the two (this is somewhat larger than the separations between the optical and X-ray sources in Fig. 4 , but given the extended nature of the X-ray source that is not that surprising). The peak of the Chandra emission is at 19 h 34 m 55. s 61, +33
• 53 ′ 06. ′′ 0, and has an extent of ≈ 5 ′′ . The overall source is larger and asymmetric, with a maximum visible distance of ≈ 40
′′ from the peak to the North-East and a minimum distance of ≈ 15
′′ from the peak to the South-West, although there is some diffuse emission that extends further. Averaged over azimuth, the half-power radius is 11 ′′ , and 95% of the power is within 42
′′ . Fitting the spatial profile to a β-model (surface brightness ∝ (1 + (r/r c )
2 ) −3β+0.5 , typical for galaxy clusters) in Sherpa was successful, with core radius r c = 3.5(1) ′′ , β = 0.451(5), an amplitude of 0.64(3) count pixel −2 , and χ 2 = 9.6 for 12 degrees of freedom.
We extracted photon events from a 45 ′′ ×22 ′′ region and created source and background response files using the CIAO task acisspec. We used versions of 3.0.2 of CIAO and 2.26 CALDB that compensate for low-energy degradation of the ACIS detector 8 . We then fit the data in sherpa. The events were binned so that each bin had ≥ 25 counts.
While there are not very many counts (601 source counts before background subtraction, with 77.2 background counts), the data are well fit ( The extended morphology and the hard spectrum of the source suggest several models: (1) a very hot nebula of Galactic origin, (2) a very hot nebula but of extragalactic origin (gas from a cluster or an early-type galaxy ; Fabbiano 1989; Brown & Bregman 1998) , (3) the superposition of many bright LMXBs (with power-law spectra) in an early-type galaxy (Matsushita et al. 1994) , or (4) a pulsar wind nebula radiating via synchrotron emission. Here we discuss each interpretation in some detail.
Galactic Nebula This would require a very bright central source (i.e. an OB star) to heat the nebula, which would also be visible as an extended optical/IR source and should show Hα emission. While the northern 2MASS source (2MASS J19345557+3353136) in Figure 25 is moderately bright (with about a 5% chance of a star this bright occurring randomly within 7
′′ of a position), it does not appear to be an OB star. The colors are fairly common for the field, they are more consistent with a star of type ≈G0, and the extinction that would be required of an OB star is higher than expected for this line of sight (A V 2 mag, compared to a maximum of A V ≈ 1 as determined by Drimmel, Cabrera-Lavers, & López-Corredoira 2003 and W3COLDEN 9 ). The southern 2MASS source (2MASS J19345569+3353063) is fainter and redder-consistent with being a late-type starbut its position near the peak of the X-ray emission (chance probability of < 1%) suggests that there might be an actual association between it and the X-ray emission. Since there is no diffuse broadband optical, broadband IR, or Hα emission, we do not believe that the extended X-ray emission is powered by any of the stars, although it may be related to one or both of the 2MASS sources.
Extragalactic Nebula The X-ray emission is much more compact than is typical for galaxy groups or clusters (even clusters at z ∼ 0.5-1 have r c ≫ 10 ′′ ; Arnaud et al. 2002; Cotter et al. 2002) , and the spectrum is wrong (thermal plasma models do not fit).
Early-type Galaxy
The size is similar to what is often seen for early-type (E and S0) galaxies. In those galaxies the X-ray emission comes from a combination of hot gas (plasma with kT ≈ 0.5-1.0 keV; Fabbiano 1989; Brown & Bregman 1998 ) and the superposition of many hard X-ray point sources (whose spectra are power-laws with Γ ≈ 1.7) -reasonably compatible with the observed spectrum of 1RXS J193458.1+335301. For these galaxies, the hard X-ray luminosity scales reasonably well with the integrated
⊙,K , where the X-ray luminosity is in the 0.3-8.0 keV band 9 http://asc.harvard.edu/toolkit/colden.jsp. and all luminosities are corrected for extinction (Kim & Fabbiano 2004) ; the scatter in this (from a sample of 14 galaxies) is a factor of 2-3 (there is more scatter in Brown & Bregman 1998, but their work concerns the soft emission more than the hard emission, and the scatter is still only a factor of ∼ 10). We can convert the relations from Kim & Fabbiano (2004) into relations for fluxes and magnitudes (i.e. observables), giving (Fig. 25) images of 1RXS J193458.1+335301 we see that there are two optical/IR sources near the peak of the X-ray emission: the northern source appears stellar (FWHM≈ 1.
′′ 4), while the southern source may have some extended emission 10 to the North-East (although this could be a superposition of point sources). However, neither of these sources is a great candidate for the origin of the X-ray emission, as they are too faint by several orders of magnitude (K s = 14.4 mag and K s = 12.6 mag for the northern and southern sources, respectively) and not extended enough. Therefore, while it is not impossible that 1RXS J193458.1+335301 is an early-type galaxy, we consider it unlikely. Deeper X-ray observations should be conclusive: if 1RXS J193458.1+335301 is a galaxy, it should resolve into discrete point sources. Optical spectroscopy would also be useful in determining the natures of the optical/IR sources.
There are some early-type galaxies with significant excesses of X-ray emission (Vikhlinin et al. 1999b) , largely due to increases in the amounts of hot gas that give roughly the same X-ray-to-optical ratio as would be necessary here. However, the optical/IR sources in Fig. 25 do not look like bright galaxies (unlike the galaxies from Vikhlinin et al. 1999b which are typically > 20 ′′ in the optical) and the spectrum of 1RXS J193458.1+335301 is wrong: again, thermal plasma models do not fit. PWN A pulsar wind nebula (i.e., a nebula excited by a pulsar or PWN; for a review, see Gaensler & Slane 2006 ) is consistent with the size and spectrum of 1RXS J193458.1+335301, although the source is slightly softer toward the center (Fig. 24) , contrary to what is expected for PWNe. There is no obvious Hα emission from 1RXS J193458.1+335301 in Figure 25 as there can be near PWNe (associated either with SN ejecta or with the passage of the pulsar through the interstellar medium; Hester et al. 1990; Chatterjee & Cordes 2002) , but this could be because the conditions are not favorable.
1RXS
J193458.1+335301 is outside SNR G65.3+5.7. If it were a bow-shock nebula that originated in the interior of the SNR and then moved outside the shell (and not a static PWN inflated by the wind of its central pulsar), one would expect Hα emission and for the X-ray nebula to trail away from the direction of motion/toward the SNR center (e.g., Stappers et al. 2003 , although this is not always the case). Since the X-ray emission trails away from the SNR center (suggesting motion toward the SNR instead of out of it), we see no Hα, the fitted value of N H is just about at the maximum predicted for this line of sight by W3COLDEN and is somewhat higher than the nominal value for SNR G65.3+5.7 (suggesting that the X-ray source may be more distant and highly absorbed than SNR G65.3+5.7), we believe that an association between the two is unlikely. However, this is not entirely unexpected, as there are a number of young, newly-discovered PWNe that have no definitively associated SNRs (similar to the the Crab Nebula; Seward, Gorenstein, & Smith 2005).
1RXS J205042.9+284643
The BSC lists 1RXS J205042.9+284643 as having 0.11(2) count s −1 in the PSPC, with hardness ratios of HR1 = −0.03(17) and HR2 = −0.87(14). The Chandra observation of 1RXS J205042.9+284643 had a total exposure time of 3.7 ksec, and which should give ≈ 1000 ACIS-S counts depending on the source spectrum. However, as shown in Figure 26 there are no point sources detected anywhere within three times the nominal position uncertainty (a conservative limit, as seen in Fig. 4 ): the only significant source detected (using wavdetect on scales from 1-32 pixels; see Paper I for the detection method) in the data-set is at 20 h 50 m 39. s 01, +28
• 45 ′ 43. ′′ 6 (with 12 ± 3 counts), which is 79 ′′ or 6-σ away from 1RXS J205042.9+284643. This X-ray source is almost certainly not related to 1RXS J205042.9+284643. We can then set a limit of ≈ 3 counts to any point source. There are no obvious extended sources, but such limits are more difficult to quantify: overall, there are 1047 counts in the 0.3-5.0 keV energy range over the whole 512 ′′ × 128 ′′ image, so the average background rate is 0.0160(5) arcsec −2 . Then, in a region θ × θ arcsec 2 in area, the 3-σ limits will be 3 0.016θ 2 + (3 × 10 −7 )θ 4 counts. There are no regions in the event list with such concentrations, so no extended sources are present.
One obvious explanation of the disappearance of 1RXS J205042.9+284643 is variability. This is not atypical among the most common class of soft X-ray sources in the Galactic plane: active stars. Flares and other chromospheric/magnetospheric events often lead to dramatic changes in the fluxes of these sources. While other sources, such as X-ray binaries, active galaxies, and some anomalous X-ray pulsars, do exhibit variabil- ity, these sources have hard X-ray spectra generally inconsistent with the BSC emission. We therefore think it likely that 1RXS J205042.9+284643 is an active star, but of course this cannot be confirmed without additional data. It is also possible that the source is extended, and therefore too diffuse to have been detected by Chandra. The softness of the BSC emission make this unlikely, though, as most known types of extended sources are relatively hard (e.g., 1RXS J193458.1+335301 and 1RXS J150139.6−403815).
It is possible, but unlikely, that 1RXS J205042.9+284643 is a neutron star.
As discussed above, most of the neutron stars considered in Paper I have stable X-ray emission: only some of the AXPs vary significantly. However, the spectrum of 1RXS J205042.9+284643 is unlike those of AXPs (typically a power-law with Γ ∼ 3).
1RXS J205812.8+292037
The BSC lists 1RXS J205812.8+292037 as having 0.13(2) count s −1 in the PSPC, with hardness ratios of HR1 = 0.63(11) and HR2 = 0.27(13). This is moderately hard compared to the other sources in Fig. 1 , but is not too extreme.
Unlike the rest of the sources without Chandra followup, the counterpart(s) shown in Figure 10 are not entirely secure. Within 10 ′ of 1RXS J205812.8+292037, there are 1627 2MASS sources, for an average density of 1.44(4) × 10 −3 arcsec −2 . To find a source within 9 ′′ (as in the case of 1RXS J205812.8+292037) has a chance probability of 37%, and the chance probability for two sources is 13%. These are not small enough for a definite association. 1RXS J205812.8+292037 is similar, in both hardness ratio and optical brightness, to other sources like 1RXS J193228.6+345318, 1RXS J205042.9+284643, 1RXS J045707.4+452751, or 1RXS J151942.8−375255. These sources did not have certain associations based on ROSAT alone, but the Chandra data are unambiguous. These sources may represent a population of X-ray sources that are somewhat fainter than the majority of the sources in Table 2 . This faintness, together with the hardness of the X-ray spectrum, likely reflects extragalactic origins of the sources (i.e. they are active galaxies) : in Figure 6 these sources are largely those with the highest X-ray-to-IR flux ratios most similar to the extragalactic sample. Overall, 1RXS J205812.8+292037 is consistent with having an association with one of the identified 2MASS sources. A Chandra followup observation would have made the case secure, but it was not selected for Chandra due to an oversight. As with 1RXS J205042.9+284643, we do not believe that 1RXS J205812.8+292037 is a neutron star, but we cannot rule out this possibility.
1RXS J150139.6−403815
The BSC lists 1RXS J150139.6−403815 as having 0.12(2) count s −1 in the PSPC, with hardness ratios of HR1 = 0.88(11) and HR2 = 0.14(20). The Chandra source is fainter than that of 1RXS J193458.1+335301, but nonetheless it appears extended, as shown in Figure 27 . Since this source is more diffuse than 1RXS J193458.1+335301, the spatial measurements are not as precise, but the center is at approximately 15 h 01 m 41.
The total extent of the source is ≈ 1 ′ in radius. As with 1RXS J193458.1+335301, while there is some offset between the ROSAT and Chandra positions, this does not appear inconsistent with the position uncertainties for such extended sources. Again, we can be quite confident that the Chandra source is 1RXS J150139.6−403815, since there are no other sources nearby.
Similar to our analysis of 1RXS J193458.1+335301 ( § 5.3.1), we extracted photon events from a 112 ′′ × 90 ′′ region and created source and background response files using the CIAO task acisspec. We then fit the data in sherpa, where the events were binned so that each bin had ≥ 25 counts. There are 1305 source counts and 478.5 background counts.
The data are well fit ( flux is 3.0 × 10 −12 ergs cm −2 s −1 (0.3-8.0 keV). The column density is higher than but consistent (given the uncertainties) with both the column density of SNR G330.0+15.0 and the total expected along this line of sight (6 × 10 20 cm −2 ). As with 1RXS J193458.1+335301, we considered different models for 1RXS J150139.6−403815. Figure 29 does not identify a single hot source, so a thermal Galactic nebula is unlikely. Our first idea was that 1RXS J150139.6−403815 is a PWN. The size is about right and the spectrum is typical for PWNe. However, as with 1RXS J193458.1+335301 there is a problem: 1RXS J150139.6−403815 is outside of SNR G156.2+5.7, and the largely symmetric morphology rules out an association between 1RXS J150139.6−403815 and SNR G330.0+15.0 (i.e. 1RXS J150139.6−403815 cannot be a bow-shock nebula). 1RXS J150139.6−403815 could instead be a pressure-confined bubble PWN related to another supernova; We searched the Sydney University Molongolo Sky Survey (SUMMS; Bock, Large, & Sadler 1999) for evidence of radio emission from or another supernova shell surrounding 1RXS J150139.6−403815, but there is no extended or point-like emission present at the position of 1RXS J150139.6−403815 nor is there any sign of a new SNR around it. SUMSS is particularly sensitive to extended emission, and would almost certainly have identified any SNR around 1RXS J150139.6−403815. Like 1RXS J193458.1+335301, the lack of a clear SNR shell does not mean that 1RXS J150139.6−403815 is not a PWN.
We then examined possible extragalactic classifications for 1RXS J150139.6−403815. This source is larger than 1RXS J193458.1+335301, and is more compatible with the sizes of typical galaxy clusters ( 30 ′′ ): a fit to a β model has r c = 32
′′ and β = 0.4. The spectral data are reasonably well fit by a Raymond & Smith (1977) plasma model, having N H = 5(2) × 10 20 cm −2 , kT = 9 +5 −2 keV, and a normalization 11 of 5.6(5) × 10 −3 cm (giving χ 2 = 22.0 for 32 degrees of freedom), such as what one would expect for a cluster (White, Jones, & Forman 1997) . With this model the observed flux is 2.7 × 10 −12 ergs cm −2 s −1 (0.3-8.0 keV), and the unabsorbed flux is 2.9 × 10 −12 ergs cm −2 s −1 . Examining the 2MASS image we see an extended elliptical source, 2MASX J15014110−4038093, near the center of the X-ray emission (Fig. 29) . This source has a radius of ≈ 10 ′′ (20 mag arcsec −2 isophotal radius), a K s magnitude of 12.7 mag within that radius, and J − K s = 1.2 mag. Higher-resolution optical images of 1RXS J150139.6−403815 (Fig. 29) show that 2MASX J15014110−4038093 is partially decomposed into two sources: an extended source labeled A that is at the exact position of 2MASX J15014110−4038093 (within uncertainties), and a source labeled B 3
′′ to
11
The normalization follows the xspec units of 10 −14 4π(D A (1 + z)) 2 −1 dV nen H , where D A is the angularsize distance (in cm), ne is the electron density (in cm −3 ), and n H is the hydrogen density (in cm −3 ).
the East. There is also another extended source labeled C 5
′′ to the North-East, but this is a separate 2MASS source (2MASS J15014145−4038068). We performed a rough photometric calibration using 80 stars from the USNO-B1.0 catalog 12 and then ran sextractor (Bertin & Arnouts 1996) on the images: the results for sources A-C are given in Table 6 . Source A is very clearly extended, although it is not as large as 2MASX J15014110−4038093 (the FWHM of the IR emission is ≈ 6 ′′ ). Source B is very likely unresolved (within uncertainties), and source C is extended. Source A is very red (B − R ≈ 2.6 mag), consistent with the 2MASS data. We believe that the 2MASS source is primarily due to source A, given the position coincidence and the extreme redness of A compared to B or C. If this is the case, though, then A has the relatively blue color of R − K s ≈ −3.2 mag, but this could be partly due to the difficulties of measuring an extended source from images with drastically different seeing (2MASS versus MagIC R-band).
The IR colors of 2MASX J15014110−4038093 are similar to the brighter galaxies in known clusters (e.g., Kodama & Bower 2003) .
Therefore, 2MASX J15014110−4038093 could be the central galaxy of an unknown cluster.
The X-ray temperature is reasonably high, implying a high luminosity (∼ 10 45 ergs s −1 ; Mushotzky 2004), so this source cannot be part of a nearby, low-L group. However, the value of β is lower than those of most known clusters (Vikhlinin, Forman, & Jones 1999a) , and is more similar to those of low-L systems (Mulchaey et al. 2003) .
While 1RXS J150139.6−403815 is compatible with the sizes and spectra of early-type galaxies, and there is an extended optical/IR source near the peak of the X-ray emission, the scenario is not entirely consistent. The optical/IR source is, like those in 1RXS J193458.1+335301, about 7 magnitudes fainter than expected (the predicted magnitude following Eqn. 1 is K s ≈ 5 mag). This is far greater than the variation seen among galaxies. We do not believe that the difference can be due to an excess of soft emission in 1RXS J193458.1+335301 or 1RXS J150139.6−403815 (Eqn. 1 refers only to the contribution of hard point sources), as the spectra of 1RXS J193458.1+335301 and 1RXS J150139.6−403815 are hard and similar to the prototypical sources assumed in Kim & Fabbiano (2004) and when one fits primarily for the soft emission (as in Brown & Bregman 1998) one finds a similar relation to that of Kim & Fabbiano (2004) . It is possible that 1RXS J150139.6−403815 is an over-luminous elliptical galaxy, such as those discussed in Vikhlinin et al. (1999b) , as the size, optical/X-ray flux ratio, and luminosity are similar to these sources (L X /L opt ∼ 10 32 ergs s
11 L ⊙ assuming z ∼ 0.1), but again there are difficulties: the temperature of 1RXS J150139.6−403815 is considerably higher than those of Vikhlinin et al. (1999b) , and the value of β is too low.
We see that no scenario is entirely consistent for 1RXS J150139.6−403815. PWNe, isolated elliptical galaxies, and galaxy clusters all have problems. We believe it likely that 1RXS J150139.6−403815 does have Table 4 with point-like X-ray sources and secure counterpart identifications. The images are 5 ′ × 3.5 ′ (except for that of AX J2049.6+2939, which is 10 ′ × 7 ′ ), with North up and East to the left. The BSC/ASCA/Einstein X-ray position uncertainties are indicated by the circles, and the Chandra positions and optical counterparts are shown by the crosses. Table 4 with point-like X-ray sources and secure counterpart identifications (cont.). The images are 5 ′ × 3.5 ′ , with North up and East to the left. The BSC/ASCA/Einstein X-ray position uncertainties are indicated by the circles, and the Chandra positions and optical counterparts are shown by the crosses. an extragalactic origin, as 2MASX J15014110−4038093 looks like an elliptical galaxy and it is probably associated with the X-ray emission: there are 39 extended 2MASS sources within 20 ′ of 1RXS J150139.6−403815, giving a false-association rate of 0.005% for a source within 1.
′′ 3. However, it is not clear exactly what 1RXS J150139.6−403815 is.
As with 1RXS J193458.1+335301, deeper X-ray observations and optical spectroscopy should be conclusive for 1RXS J150139.6−403815.
DISCUSSION & CONCLUSIONS
We have fully investigated the population of ROSAT BSC point sources in six large-diameter SNRs. Our identifications of counterparts to 50 of the 54 sources are quite secure: in most cases the positional coincidence between the X-ray and optical/IR sources has been augmented by identification of an abnormal stellar type (variable, T Tau, binary, etc.), by the extreme bright- band. There appears to be a slight excess of soft photons toward the center.
ness (and hence rarity) of the optical source, or by a previous classification in the literature. This conclusion echoes that of Rutledge et al. (2003) , who searched for older neutron stars using ROSAT and found only previously identified neutron stars, along with 17 sources that are definitely not neutron stars and 13 that are probably not.
The remaining sources, as discussed in Section 5.3, are more intriguing. However, none of them is likely to be a neutron star associated with one of the SNRs in Table 1. To begin with, all are outside their SNRs. While this is not impossible for older sources and high velocity neutron stars (e.g., Gaensler & Johnston 1995) , it lessens the chance of association. For 1RXS J193458.1+335301 and 1RXS J150139.6−403815 the X-ray morphologies rule out associations, since any PWNe outside the SNRs would likely have elongated bow-shock appearances, in contrast to what we see (of course, 1RXS J193458.1+335301 and/or 1RXS J150139.6−403815 could be extragalactic). 1RXS J205042.9+284643 and 1RXS J205812.8+292037, neither of which has a Chandra detection, are more uncertain. 1RXS J205042.9+284643 is likely a flare star. 1RXS J205812.8+292037 does not have a provisional classification but is probably extragalactic in origin.
Since we have ruled out (to some degree of certainty) neutron stars in all six SNRs considered here, we can then follow Paper I and draw the X-ray luminosity limits on a cooling diagram. This is shown in Figure 30 . To account for the uncertainties of 1RXS J205042.9+284643 and 1RXS J205812.8+292037, both in SNR G74.0−8.5, we have adjusted the luminosity of that SNR from Table 1 to correspond to 0.15 count s −1 -above the count-rates of both of the uncertain sources and therefore a more secure limit. Further X-ray observations of 1RXS J205812.8+292037 would very likely detect counterparts (for 1RXS J205042.9+284643, it might have only been included in the BSC due to a flare, and therefore significantly deeper X-ray observations may be necessary). With secure counterparts, the limit for Figure 22 showing the extent of the X-ray emission. The two 2MASS sources identified near the peak of the X-ray emission are indicated with the crosses in the top image; the southern source is 2MASS J19345569+3353063 while the northern is 2MASS J19345557+3353136. We do not detect any diffuse Hα emission associated with 1RXS J193458.1+335301. SNR G74.0−8.5 would decrease by a factor of 3.
The limits in Figure 30 are not as uniform or as constraining as those from Paper I. The lack of uniformity is due to the sample construction: the different distances and column densities of the SNRs make the BSC limit of 0.05 counts s −1 translate into different luminosities. So, SNRs G74.0−8.5, G330.0+15.0, and G65.3+5.7 all have reasonably tight limits (and those of SNR G74.0−8.5 could get better). SNRs G160.9+2.6 and G205.5+0.5 have loose limits primarily due to uncertain distances: we have used the upper limit of 4 kpc for SNR G160.9+2.6 and the full range of 0.8-1.6 kpc for SNR G205.5+0.5 in Figure 30 . Finally, SNR G156.2+5.7 is more highly absorbed than the other SNRs.
While all of the limits are below the luminosities of central sources in Cas A, Puppis A, and SNR G296.5+10.0 (and are therefore in concordance with our original survey design from Paper I), some are further below than others. The utility of these limits is somewhat lessened, though, as the SNRs are all reasonably large and are older (10-30 kyr) than the sources in Paper I (3-10 kyr). Therefore the cooling curves have descended, and there are other SNRs that have similar or even lower neutron star luminosities (CTA 1, IC 443, W44 for the SNRs with tighter limits, and Vela, SNRs G114.3+0.3, G343.1−2.3, and G354.1+00.1 for the remaining SNRs), although 5/7 of these sources have X-ray PWNe that increase their luminosities by a factor of ∼ 10. In one sense, though, the limits here are tighter than those of Paper I. By using the BSC to go to twice the SNR radii, we have virtually eliminated the possibility that there are high-velocity neutron stars in these SNRs (as discussed in § 3.1 confusion is most likely not a limiting factor in detecting X-ray sources), while in Paper I we only searched a portion of the SNR interiors. It is of course possible that the SN explosions were type Ia or produced black holes, but as discussed in Paper I these alternate scenarios are not very likely for an ensemble.
Therefore, while not as tight as those of Paper I (or e.g., Slane, Helfand, & Murray 2002; Halpern et al. 2004) , our limits are still useful. They are not below all detected neutron stars, so do not require appeals to exotic physics or cooling processes, but they conclusively demonstrate that there is a significant range in the ob- served luminosities of neutron stars, even including experimental uncertainties. It is clear that the neutron stars of a single age must be able to produce a luminosities differing by a factor of > 10. Whether the unknown parameter that controls the luminosity is one of the usual culprits (mass, rotation, composition, magnetic field) or something entirely different is not known. It is also clear that there is a significant number of objects that do not show non-thermal emission and would therefore not go on to evolve as traditional radio pulsars.
We thank an anonymous referee for helpful comments. D. L. K. was partially supported by a fellowship from the Fannie and John Hertz Foundation. B. M. G. and P. O. S. acknowledge support from NASA Contract NAS8-39073 and Grant G02-3090. B. M. G. is supported by NASA LTSA grant NAG5-13032. S. R. K. is supported by grants from NSF and NASA. Support for this work was provided by the National Aeronautics and Space Administration through Chandra award GO3-4088X issued by the Chandra X-Ray Observatory Center, which is operated by the Smithsonian Astrophysical Observatory for and on behalf of NASA under contract NAS8-39073. The NRAO is a facility of the National Science Foundation operated under cooperative agreement by Associated Universities, Inc. The Digitized Sky Surveys were produced at the Space Telescope Science Institute under U.S. Government grant NAG W-2166. We have made extensive use of the SIMBAD database, and we are grateful to the astronomers at the Centre de Thermal Non−thermal Limit X−ray PWN Fig. 30 .-X-ray luminosities (0.5-2 keV) as a function of age for young neutron stars. Sources whose emission is primarily thermal are indicated with plus symbols, those whose emission is primarily non-thermal are indicated with stars, and those with only limits are indicated with triangles; see Paper I for source data and additional labels. The sources that have X-ray PWNe, which are typically > 10 times the X-ray luminosity of the neutron stars themselves, are circled. We also plot the limits to blackbody emission from sources in SNRs G65.3+5.7 (red hatched region), G74.0−8.5 (green hatched region), G156.2+5.7 (blue cross-hatched region), G160.9+2.6 (gold hatched region), G205.5+0.5 (black hatched region), and G330.0+15.0 (dark green cross-hatched region). An uncertainty of 30% (for SNRs with kinematic distances) or 60% (for SNRs with distances from X-ray fits) in the distance has been added to the luminosities given in Table 1 and § 2 and the likely range of ages is also shown (for SNR G74.0−8.5, the luminosity has been increased to account for uncertain associations with 1RXS J205042.9+284643 and 1RXS J205812.8+292037). The cooling curves are the 1p proton superfluid models from Yakovlev et al. (2004) (solid lines, with mass as labeled) and the normal (i.e., non-superfluid) M = 1.35 M ⊙ model (dot-dashed line), assuming blackbody spectra and R∞ = 10 km. These curves are meant to be illustrative of general cooling trends, and should not be interpreted as detailed predictions. The horizontal lines show the luminosity produced by blackbodies with R∞ = 10 km and log T∞ (K) as indicated. Compare to Fig. 37 Note. -Stellar identifications were made only on the basis of the ROSAT data and SIMBAD. See also Table 3 and § 4. a This is the position of the optical counterpart if known, otherwise it is the X-ray position. b Separation between the X-ray source and the nominal SNR center given by Green (2000) . c X-ray position uncertainty. d Separation between the X-ray and optical sources. e No V magnitude was available from SIMBAD, so this is the R2 magnitude from USNO-B1.0. a ID of X-ray source, which is 1RXS J unless otherwise indicated. b Number of X-ray source in the given SNR from Table 2 . c Name(s) of likely stellar companion(s). In contrast to Table 2 , this also includes identifications made from Chandra followup observations. d Figure( s) where optical/IR counterparts are identified. e Indicates if source was selected for Chandra followup; see § 5.1. f Classifications are from SIMBAD unless otherwise noted. "Late-type" means that the star is of type mid-F or later, and hence is likely to have intrinsic X-ray emission (e.g., Stelzer et al. 2003) . Note. -The telescopes/instruments used were LFC: the Large Format Camera on the Palomar 200-inch; P60CCD: the CCD camera on the Palomar 60-inch; MagIC: Raymond and Beverly Sackler Magellan Instant Camera on the 6.5-m Clay (Magellan II) telescope; and PANIC: Persson's Auxiliary Nasmyth Infrared Camera on the 6.5-m Clay (Magellan II) telescope (Martini et al. 2004 ).
a Observed by C. Rakowski. Note. -The astrometry has absolute uncertainties of ≈ 0. ′′ 2 in each coordinate owing to uncertainties in 2MASS. The photometry has systematic uncertainties of ≈ 0.5 mag owing to uncertain zero-point calibration.
a The seeing was ≈ 0. ′′ 77. b The seeing was ≈ 0.
′′ 66.
